Objectives: To determine circumcision prevalence and its association with HIV and STI in a male United States military population.
Introduction
With an estimated 5 million new infections, 3 million deaths, and 40 million prevalent infections in 2003, reducing the incidence of HIV infection remains a critical, worldwide goal. In recent years, several studies conducted among sub-Saharan African male populations report circumcision to be associated with reduced risk of HIV infection [1] [2] [3] [4] [5] . Compelling evidence from studies conducted among sub-Saharan African populations of circumcision's protective effect against HIV acquisition, is now considered substantial enough that many are advocating for male circumcision as one component of a comprehensive HIV prevention package [5, 6] .
Whether circumcision of male infants should be recommended as a method of HIV prevention in developed countries such as the United States remains the subject of heated controversy. Thus far, the majority of studies investigating the association of circumcision and HIV have been conducted among Sub-Saharan African populations, which differ substantially from developed nations in terms of HIV risk factors, sexual practices, and medical care availability.
Ulcerative sexually transmitted infections (STIs), such as genital herpes, syphilis, and chancroid, known risk factors for HIV infection [2, [7] [8] [9] [10] [11] , are more prevalent among sub-Saharan African populations, the same populations with low levels of circumcision.
This may be a major source of residual confounding in the HIV-circumcision association.
Relatively few studies have been conducted in the United States or other developed nations investigating the association between circumcision status and STI acquisition, and, to our knowledge, none have been of large enough scale to report any significant finding regarding an association with HIV acquisition. With respect to STI acquisition, these studies have yielded inconsistent results, with several showing a protective effect of circumcision [11] [12] [13] while others found an increased risk for STIs among circumcised males [14] .
In addition to STI acquisition, several studies among western populations have shown circumcision to have a strong protective effect against urinary tract infections (UTIs) among male infants [15] [16] [17] and penile cancer in middle-aged and older men [18] [19] [20] . However, there is still controversy surrounding the practice of male circumcision, as opponents argue that the medical benefits do not outweigh the risks, and that the neonatal procedure causes unnecessary pain, reduced penile sensitivity, and violates the human rights of the unconsenting child [14, [21] [22] [23] . This case-control study describes the prevalence and demographic determinants of circumcision in a U.S. military population and the association of circumcision and HIV/STI acquisition.
Methods

Study population
HIV seropositive case participants in this case-control study were male, activeduty U.S personnel from all branches of the military recruited from 7 military medical referral centers throughout the United States as a part of a larger case-series study.
Enrollment and study procedures are described elsewhere [24, 25] . All cases had documented HIV seroconversion and completed a self-administered behavioral risk factor questionnaire.
Control participants from a general Navy aircraft carrier population completed similar questionnaires. Controls were assumed to be HIV seronegative. U.S. Department of Defense policy stipulates that all military personnel undergo predeployment HIV screening and test negative.
Case and control participants had to meet two criteria for inclusion in this study.
First, their circumcision status had to be available. Case circumcision status was abstracted from previously collected medical data, with 51.2% (294/574) having this information available. The control population was limited to those who answered the circumcision question (yes/no) on the self-administered survey (93.3%; 859/ 921).
Second, using a combination of survey questions, cases and controls had to be categorized as having had sex during their reporting time frame (286 cases and 801 controls).
Case participants reported behaviors occurring within their seroconversion window (SCW), the time between the last negative and first positive HIV test. To reduce variability in the length of the SCW, and recall bias, only cases with a SCW of 3 or less years (median = 1 year) were included (n = 234). Providing comparable reporting time frames controls were asked to report their behaviors within last 12 months.
The Institutional Review Boards of participating institutions approved both studies; all participants provided informed consent.
Data collection
Case participants' data collection occurred between February 1997 and June 2001. Demographic characteristics, sexual risk behaviors, and STI history were assessed.
Circumcision status for cases was abstracted from medical records obtained during the case study. 
Statistical analysis
Since cases were significantly older than controls, and age was thought to be associated with both HIV risk and prevalence of circumcision, frequency matching on age was performed. Eight strata were created with matching ratios varying from 1:1 to 1:4 depending upon the number of available controls. The final sample comprised 232 cases and 516 frequency matched controls.
Comparisons of demographics and sexual risk behavior by case status were performed using analysis of variance (ANOVA) and chi-square tests. Circumcision prevalence was compared using chi-square tests.
Unconditional logistic regression was used to examine the effect of circumcision on HIV infection after adjustment for demographic, and sexual behavior risk variables.
Accounting for age frequency matching, 7 dummy variables were created and included in all models. For model building purposes, all demographic and sexual risk behavior variables univariately associated with HIV were initially included in the models. The final logistic regressions included variables that remained significantly (p ≤ .05) associated with HIV status. Likewise, multivariate logistic regression models were used to examine the independent association between circumcision status and STI history.
Potential participation biases were examined through demographic comparisons of men with (participants) and without (nonparticipants) circumcision status available using ANOVA and chi-square tests. All statistical analyses were performed using SAS (Release 9.0, SAS Institute, Inc., Cary, NC, 2002).
Results
Among the cases, availability of circumcision status differed greatly by participation site (p < 0.001). However, after adjusting for site, there were no significant demographic differences between cases who had (n = 294; 51.2%) and did not have (n = 280; 48.8%) their circumcision status available. Furthermore, among the controls, no demographic differences were found between those who reported their circumcision status (n = 859; 93.3%) and who did not (n = 62; 6.7%).
The proportion of circumcised men did not significantly differ between cases (84.9%) and controls (81.8%). Case participants were more likely to be Black, single or divorced, and have some college or a bachelor's degree or higher, and be of E4-E6 military ranks than the controls ( Table 1 ).
The prevalence of circumcision among this U.S. military population was particularly high (more than 85%) for birth-years 1945-1964 and 1970-1979 , with a decline during 1965-1969 (77.1%) and the 1980s (74.2%) ( Table 2 ). Prevalence of circumcision differed dramatically by ethnicity, with the highest prevalence among whites (92.4%) and the lowest among Hispanics (44.1%). There was a significantly higher proportion of circumcised men among those born in the United States (85.0%) as compared with men born in other countries (58.1%). There were some regional differences, with the highest prevalence of circumcision among men born in the Midwest (90.2%) and Northeast (86.8%), followed by the West (85.0%) and the South (82.0%).
Case and control participants differed significantly with respect to sexual risk characteristics (Table 3) . A higher proportion of cases did not use condoms regularly (91.0%), had sex in either a foreign country or both a foreign country and the United States (27.6%), reported anal sex (72.8%), group sex (29.5%), had more sexual partners (almost 75% had 3 or more partners), and had higher prevalence of STIs (22.8%), as compared with controls.
In multivariate logistic regression analysis (Table 4) In our study, while there were differences in the method of circumcision reporting between cases and controls, and differences in the rates of available circumcision status, no differences in demographics were seen after adjustment for participation location.
Site-specific history-taking practices, and differences in clinical report forms account for reporting differences, not biases, with respect to patient characteristics. Some reporting bias could be present due to differences in clinician versus self-report data, although the 
